The heavy-strange tetraquarks (T Qs = udsQ) and the doubly heavy tetraquarks (T QQ ′ = udQQ ′ ) in the S-wave state are investigated by a quark model. Suppose the ud pair is in the spin 0 isospin 0 color3 configuration, there will be an about 150 MeV attraction from the color magnetic interaction (CMI). The pair in the spin 1 isospin 0 color 6 configuration also gets a small attraction of about 25 MeV. We classified the systems according to the quantum numbers of the ud pair and evaluate the size of CMI in the short range region. There is a large attraction in the udQQ I(J P )=0(1 + ) (T cc ) and in the udQQ ′ 0(0 + ) and 0(1 + ) configuration. A dynamical calculation is also performed for these states with a simple quark model by employing the resonating group method. It is found that there is a bound state in the udbb I(J P )=0(1 + ) (T bb ) state. The present model does not include the long range meson exchange interaction yet. There might be more bound states if their effects are introduced.
Introduction
Recent experiments on the charmed systems have shown us a new stage of the hadron physics. For example, the X(3872) has been found by first by Belle in the J/ψππK observation from the B decay, and then confirmed by various experiments [1, 2] . The state is found to be J PC = 1 ++ [3] , and it is very difficult to explain its features if one assumes a simple cc configuration. It is considered to have (at least) a large amount of the qcqc component.
One of the successful approaches to explain the X(3872) behaviors is to consider the system as a two-meson state which couples to the cc configuration [4] . In this model, the X(3872) is a superposition of a two-meson molecular state and the cc(2P) quarkonium. The model explains a rough production ratio of X(3872) to the J/ψ in the pp collision, the absence of the charged partner of X(3872) which decays to J/ψρ ± , a lack of the χ c1 (2P) peak above the open charm threshold predicted by the quark model, and the isospin symmetry breaking in the X(3872) decay [5] .
It has been pointed out that the T cc (ccud or udcc, I(J P ) = 0(1 + )) or similar other double charm or double bottom flavor mesons may exist as a bound state(s) [6, 7, 8, 9, 10] . They, however, do not agree on the point whether there really is a bound state. The corresponding energy region seems to be partly within the reach of the experiments. In this work, we extend the above approach for the X(3872) to investigate the qqsQ and qqQQ ′ systems hoping to contribute this still open problem.
Model
First we explain the quark model from which we extract the two meson interaction. They are defined as:
where the m i and p i are the mass and the 3-momentum of the ith quark (or antiquark). We set the system is at rest (p G = 0). As for the interaction between quarks, we employ the one used in the ref. [11] . In order to apply their interaction in the multiquark systems, we modified them to depend not to the momentum but to the flavors of the interacting quarks. The potential consists of the linear confinement term, V conf , and the one-gluon exchange (OGE) term. The latter consists of the Coulomb term, V coul , and the color magnetic interaction, V CMI .
The values of the parameters are listed in Table 1 .
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In order to see if there is an actual bound state, we perform a dynamical calculation. We explain the model with the qqsc 0(2 + ) case in the following. The wave function is assumed as: 
where ϕ (b, r) is the gaussian wave function with the size parameter b, |(11)1⟩ color 13;24 is the color part of the wave function in which each of the 1st-3rd quark pair and 2nd-4th quark pair is in the color singlet configuration. In this restricted model space, the equation of the motion (Resonating group method equation) can be obtained from the hamiltonian for quarks (eq. 2.1): By restricting the configuration as above, the van der Waals force from the confinement potential disappears, which is the model artifact appearing in the multiquark systems.
Results and discussion
In Table 2 , we show the matrix elements of (λ 1 · λ 2 ) and −(λ 1 · λ 2 )(σ 1 · σ 2 ) for the qq,andpairs. It shows that CMI is attractive in the (S, color) I = (0,3) 0 and (1, 6) 0orpairs. It is also attractive in the (S, color) = (0, 1)pairs, namely in the (pseudo)scalar mesons. Comparing that in the vector meson, (1, 1) , CMI in the (1,3) 1 pair can be attractive.
In Table 3 , we show the expectation values of CMI assuming that every size parameter of two quarks in the orbital part of the wave function is the same as that in the mesons with corresponding flavors (see bin Table 1 ). For each quantum number, we show the possible spin-color configuration ofand QQ pairs together with the diagonal CMI matrix elements. We also show the lowest eigenvalue of the CMI obtained when considering the mixing of those configurations. There are four configurations whose CMI is more attractive than that of the threshold in this very simple estimate: qqcc I(J P ) = 0(1 + ), qqsc 0(0 + ), 0(1 + ), and 0(2 + ). Note that all of these states are isosinglet. Note also that, since the λ λ is positive for the color 6 configuration, the color Coulomb term will prevents the two quarks to come close to each other. So, the (s, 6)(s ′ 6) contribution should be considered as the mixing of the two meson states, (s m , 1)(s ′ m 1), which also has the color 6 components, rather than the (s, 6)(s ′ 6) cluster states.
As a dynamical calculation, we solve the RGM equation (2.7). There is a bound state with the binding energy 30 MeV in the udbb I(J P )=0(1 + ) channel. In other channels we find no bound states. This calculation should be regarded as an estimate which may have a large model dependence. To obtain more reliable results, one should investigate at least the following four points. (a) In this model, the meson exchange between the u and d quarks is neglected. Namely, the situation corresponds to, for example, the NN system without the long-range interaction. (b) The kinetic term should be modified so that the clusters move with the observed meson masses. (c) The effects of the momentum dependence in the original quark interaction should be re-introduced because it will change the interaction range effectively. (d) To calibrate the interaction between theor QQ ′ quarks, it should be investigated whether this simplified quark model can also give the features of the uuQ or usQ baryons, which were reproduced by the original model [11] .
Our approach to extract a hadron potential from the quark model enables us to investigate the resonances as well as the bound state. Though the system is in the S-wave, there is a possibility that the resonances appear if they are below the upper thresholds such as D * D * .
Summary
We have investigated the heavy-heavy and the heavy-strange tetraquark systems by a quark model. The eigenvalues of the color magnetic interaction can be very attractive. In a dynamical calculation, we find a bound state in the udbb I(J P )=0(1 + ) channel even though our calculation is performed without the long-range meson exchange force. The two-meson potential can be constructed from the resonating group model equation, which enables us to investigate the scattering states. 
